The reaction of 50 winter wheat cultivars/lines to artificial infection with Pyrenophora tritici-repentis (PTR) races 1, 3, and 6 was studied under greenhouse conditions. The set of tested cultivars/lines included predominantly cultivars registered in the Czech Republic and some new breeding lines. A high level of resistance to P. tritici-repentis was detected in the cultivars Clarus, Rheia, Cubus, SHMK WW 14-92, Šárka, Vlasta and Dromos (SWS 799.14953), susceptible reactions were observed in the cultivars Caphorn, Corsaire, Karolinum, Heroldo (PBIS 00/91), Hedvika, Biscay, Svitava, Barroko (PBIS 00/140) to all three races tested. The majority of the tested cultivars possess a moderate level of resistance to PTR races 1, 3, and 6. Significant differences were proved not only in the reaction of the tested cultivars but also in the aggressiveness of the three used isolates.
Tan spot of wheat, caused by the homothallic ascomycete Pyrenophora tritici-repentis (Died.) Drechs. (anam. Drechslera tritici-repentis (Died.) Shoem.), is found in all the major wheat growing areas of the world. The disease incidence has increased since the 1970s because of changes in soil conservation practices such as minimum and zero tillage and the trend away from stubble burning (SUTTON & VYN 1990; BOCKUS & CLAASEN 1992; REES & PLATZ 1992; BAILEY 1996) . These practices cause an increase in the inoculum on a wheat stubble left on the soil surface and survival of the pathogen to the next season. P. tritici-repentis (PTR) has been spreading in this country since about 1997 and now it has become one of the most important wheat leaf spot pathogens in the Czech Republic (ŠÁROVÁ et al. 2003) and in many other European countries (ZAMORSKI & SCHOLLENBERGER 1994; BAKONYI et al. 1998; MIKHAILOVA & PRIGOROVSKAYA 2000 etc.) . Tan spot on wheat can cause yield losses from 3% to 50% (HOSFORD 1982) .
P. tritici-repentis was detected worldwide on common and durum wheat and on numerous other grass species as well (HOSFORD 1971; KRUPINSKY 1992; ALI & FRANCL 2003) . Two qualitative types of symptoms, tan necrosis and extensive chlorosis, induced by PTR were identified (LAMARI & BERNIER 1989; LAMARI et al. 1991) . Nowadays PTR isolates are separated into 8 races, based on their virulence patterns on four wheat differentials (STRELKOV & LAMARI 2003) .
The development of resistant cultivars is thought to be the best way of reducing yield losses caused by tan spot (DE WOLF et al. 1998) . PTR has highly specialized relationships with its hosts. Compatibility between the host and the pathogen was shown to be mediated by host-specific toxins produced by PTR isolates. So far four different host-specific toxins (Ptr ToxA, B, C, D), which are responsible Supported by the Ministry of Agriculture of the Czech Republic, Projects No. 000270603, 0002700602 and 1G58083. for the induction of necrosis or extensive chlorosis on wheat leaves, have been characterized. We have more information about Ptr ToxA and Ptr ToxB, which are proteins. Single dominant and independently inherited genes control sensitivity to these toxins, one gene for each toxin (GAMBA et al. 1998) .
Resistance has been identified on several ploidy levels of wheat and sources of resistance are present in many areas of the world (LAMARI et al. 1992; REES & PLATZ 1992; LUZ 1995; RIEDE et al. 1996) . Unfortunately, only a few of the currently grown cultivars showed a high level of resistance, while a somewhat larger number possesses a moderate level of resistance (DE WOLF et al. 1998) .
The aim of our study was to evaluate the reaction of selected winter wheat cultivars grown in the Czech Republic and of advanced lines to artificial infection with multiple races of P. tritici-repentis under greenhouse conditions and to select the most resistant cultivars for the use in further breeding.
MATERIALS AND METHODS
The reaction of fifty winter wheat cultivars/lines to artificial infection with Pyrenophora tritici-repentis was tested in our greenhouse experiments. The tested set included 40 cultivars registered in the Czech Republic and 10 other entries.
Three different monosporic isolates, representative of races 1, 3, and 6 originating from the Czech Republic (Table 1) were used for inoculation. The races were determined on four wheat differentials Glenlea, 6B662, 6B365, Salamouni (STRELKOV & LAMARI 2003) . The inoculum (conidial suspension) was prepared using a procedure described by EVANS et al. (1996) and ALI and FRANCL (2001) with some modifications. PTR isolates were grown on V8-PDA (LAMARI & BERNIER 1989) . After about 4 days of incubation at 20°C in the dark the Petri dishes were flooded with sterilized distilled water and the mycelium was scraped and excess water was decanted. Thereafter, the Petri dishes were incubated 24 h in light at 20°C to induce conidiophore production and 24 h in dark at 16°C to induce conidium production. Then the dishes were flooded with sterilized distilled water (20-30 ml) with Tween 20 (0.08 ml/100 ml), conidia were dislodged with a looped inoculating needle and the conidial suspension was decanted and adjusted to 3000 spores/ml by diluting.
Seedlings of the tested cultivars/lines (three replications from each cultivar/line) were inoculated at the two-leaf stage by spraying with the conidial suspension until it ran off. The inoculated seedlings, which were planted in plastic pots, were covered with glass tubes for 24 h to keep high humidity. The temperature in the greenhouse was about 20°C. The reaction of the cultivars/lines was rated 7-10 days after inoculation when the typical tan spot chlorosis and necrosis were developed, using the 1 to 5 rating scale (1-2 = resistant, 3-5 = susceptible) developed by LAMARI and BERNIER (1989) (Figure 1 ). Cultivars with the average rat- Figure1. Rating scale used for the evaluation of greenhouse reaction to tan spot (1, 2 = resistant, 3 = moderately resistant to moderately susceptible, 4, 5 = susceptible) ing up to 2.49 were designated as R (resistant), from 2.50 up to 3.49 as MR-MS (medium resistant -medium susceptible), from 3.50 up as S (susceptible) (Table 3) . Statistical program UNISTAT 5.1 was used for the analysis of results (Analysis of Variance, multiple comparisons -Tukey).
RESULTS AND DISCUSSION
Significant differences in the reaction of the fifty tested winter wheat cultivars/lines to the inoculation with Pyrenophora tritici-repentis were proved under the greenhouse conditions ( Table 2 ). The levels of cultivar resistance in Table 3 were determined on the basis of multiple comparisons from ANOVA (Tukey). The majority of the cultivars/lines (in total 35 entries) showed moderately resistant to moderately susceptible reaction. The highest level of resistance was found out in cvs Clarus, Rheia, Cubus, SHMK WW 14-92, Šárka, Vlasta and Dromos (SWS 799.14953). On the other hand, the susceptible reaction to PTR inoculation was determined in cvs Caphorn, Corsaire, Karolinum, Heroldo (PBIS 00/91), Hedvika, Biscay, Svitava, and Barroko (PBIS 00/140).
Accurate comparison of our greenhouse trials with the field results as published by the Central Institute for Supervising and Testing in Agriculture is difficult because the scoring of leaf spot symptoms caused by different fungal pathogens is summarized as "leaf spots" (HORÁKOVÁ et al. 2005) . Nevertheless, the scoring of cultivars that were most resistant in our trial, Clarus, Rheia, Cubus and Vlasta, was in the Official Trials 6.5, 6.5 and 5, respectively, i.e. above average resistance (using the scale 1-9, 1 = susceptible, 9 = resistant). Cv. Clarus had the best scoring of all tested cultivars in official trials. Only cv. Šárka belonging to resistant cultivars in our trial was scored 4 in official trials, i.e. lower than average.
Our study proved that only a few of the currently grown cultivars showed a relatively high level of resistance, while a somewhat larger number possesses a moderate level of resistance (DE WOLF et al. 1998) . In Germany the resistance of wheat cultivars to PTR in the greenhouse as well as under field conditions was studied by WOLF (1991), WOLF and HOFFMANN (1995) , and KREMER (1990). Significant differences in the resistance of wheat cultivars were recorded. Out of the fifty winter wheat cultivars tested in the greenhouse three were highly resistant and three susceptible to PTR. The remaining cultivars showed a medium resistant/susceptible reaction (WOLF & HOFF-MANN 1995).
Significant differences in the rating of disease symptoms caused by the three PTR isolates representative of races 1, 3, and 6 were determined in our trials. Isolate No. 01097 (race 1) was significantly less aggressive than isolate No. 01100 (race 6) ( Table 4 ). Isolate No. 02005 (race 3) was more aggressive than 01097 and less aggressive than 01100. Data on the particular cultivars and races are summarized in Table 3 . Differences in the aggressiveness of isolates of Pyrenophora triticirepentis were reported in many studies (LUZ & HOSFORD 1980; SCHILDER & BERGSTROM 1990; KRUPINSKI 1992) .
Several studies proved a significant correlation between results from the field and greenhouse testing of wheat cultivar resistance to tan spot (EVANS et al. 1999; ŠÁROVÁ et al. 2002) . Greenhouse screening seems to be a useful technique to screen a large number of wheat entries for their reaction to tan spot and to identify potential sources of resistance for wheat breeding programs. It is also helpful for the choice of suitable isolates for field tests of resistance. Isolates should produce a lot of conidia and it is better to use more PTR isolates of different races separately. Individual races are able to produce different host-specific toxins and to induce different symptoms on their hosts. So the level of cultivar resistance can vary with the used PTR isolate (race).
